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CIRCUIT BOARD AND A METHOD FOR MAKING THE SAME 

(1) FIELD OF THE INVENTION 

The present invention relates to a circuit board and 
to a method for making a circuit board and, more 
particularly, to a multi-layer circuit board and to a 
method for making a multi- layer electrical circuit board 
having air-bridges and/or crossover circuits and further 
having metallized apertures which are selectively formed 
through the board and which may be selectively connected 
and/or detached and/or isolated from an electrical ground 
plane . 

(2) BACKGROUND OF THE INVENTION 

Multi-layer circuit boards allow electrical 
components to selectively and operatively populate 
opposed surfaces of each board (or other respective 
interior portions of each of the boards) , thereby 
desirably allowing each of the electrical circuit boards 
to contain a relatively large amount of electrical 
components which efficiently and densely populate the 
respective boards. It is desirable to allow each of the 
component -containing surfaces or portions of a created 
and/or formed electrical circuit board to communicate 
and/or be selectively interconnected, thereby allowing 
the contained electrical components to cooperatively and 
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selectively form one or more desired electrical circuits. 
This desired communication and/or interconnection 
typically requires the use of shared electrical ground 
planes, the transmittal of power and/or control type 
signals between each of the component containing surfaces 
or board portions, and/or the connection and/or 
interconnection of the various contained electrical 
components . 

This desired interconnection typically requires that 
one or more holes be drilled through each of the circuit 
boards, thereby physically creating at least one 
"through hole" or "via" lying between each of the opposed 
component containing surfaces and through the various 
interior circuit board portions. Such drilling is 
undesirable since it is relatively time consuming, 
costly, potentially causes damage to significant numbers 
of the formed electrical circuit boards requiring these 
circuit boards to be destroyed, and requires costly and 
inefficient electroless and/or electrolytic plating of 
the formed holes or "vias" . 

While some attempts have been made to obviate the 
need for such plating, such as by the use of a conductive 
epoxy within each of the drilled holes, these attempts 
have not produced reliable electrical interconnections 
and these produced interconnections are not typically 
adapted to allow the communication of electrical power 



signals between the board surfaces or to securely and 
reliably allow the formed aperture to securely receive a 
component . 

Further, it is desirable to form "air-bridges" or 
"crossover type circuits" upon one or more selected 
surfaces and/or within certain component containing 
portions of the formed circuit board in order to allow 
multiple levels of circuits and/or electrical 
interconnections to be formed upon a single board surface 
or within a certain component containing portion of the 
circuit board, thereby desirably increasing the amount of 
electrical circuits which may be created upon and/or 
within the created circuit board. 

These air-bridges or crossover circuits are 
typically formed by rather complicated, costly, and time 
consuming processes which require successive layers of 
material to be accurately and precisely aligned by the 
use of rather complex and inefficient alignment processes 
and/or methodologies. This alignment process is both 
time consuming and costly, thereby limiting and/or 
reducing the desirability of creating these air-bridges 
or crossover circuits. Further, the formed bridges and 
crossover circuits .do not typically and efficiently 
accommodate certain desirable circuit board 

interconnection processes and/or schemes such as and 
without limitation, the use of relatively heavy wire 



bonding (e.g., using aluminum wire having a diameter of 
about five to about twenty milli-meters) or the direct 
connection of components to a surface of the board. 

There is therefore a need to provide a method for 
producing a multi-layer electrical circuit board which 
overcomes some or all of the previously delineated 
drawbacks , which selectively allows grounded and non- 
ground "vias" and/or "through holes" to be desirably and 
selectively formed, and which further allows for the 
efficient and selective formation of air-bridge members 
or crossover members which desirably accommodate diverse 
types of circuit interconnection processes and/or 
schemes . 

SUMMARY OF THE INVENTION 

It is a first object of the present invention to 
provide a method for producing a multi- layer electrical 
circuit board which overcomes some or all of the 
previously delineated drawbacks of prior multi -layer 
electrical circuit board forming methodologies and 
techniques . 

It is a second object of the invention to provide a 
method for producing a multi-layer electrical circuit 
board which overcomes some or all of the previously 
delineated drawbacks of prior multi-layer electrical 
circuit board forming methodologies and techniques, which 



allows for the selective, efficient, and reliable 
formation of metalized apertures which cooperatively 
allow for communication by and between and/or 
interconnection of these various electronic components , 

5 and which allows these apertures to be selectively 
created and/or formed without drilling, and which allows 
these apertures to selectively, securely, and reliably 
receive a component and/or an element. 

It is a third object of the invention to provide a 

10 method for producing a multi-layer electrical circuit 
board which overcomes some or all of the previously 
delineated drawbacks of prior multi-layer electrical 
circuit board forming methodologies and techniques and 
which allows for the selective formation of metalized 

15 apertures which may be selectively connected or 
disconnected and/or isolated from a selectively formed 
electrical ground plane or bus. 

It is a fourth object of the invention to provide a 
method for producing a multi -layer electrical circuit 

20 board which overcomes some or all of the previously 
delineated drawbacks of prior multi- layer electrical 
circuit board forming methodologies and techniques and 
which allows for the selective and efficient formation of 
air bridges and/or crossover members which are adapted to 

25 accommodate a wide variety of component interconnection 
assemblies . 
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It is a fifth object of the invention to provide a 
method for producing a multi-layer electrical circuit 
board which overcomes some or all of the previously 
delineated drawbacks of prior multi -layer electrical 
5 circuit board forming methodologies and techniques and 
which allows the created circuit board to be functionally 
tested prior to receiving the electronic components. 

It is a sixth object of the invention to provide a 
method for producing a multi-layer electrical circuit 

10 board which overcomes some or all of the previously 
delineated disadvantages of prior multi-layer electrical 
circuit boards and which allows the various layers of the 
produced circuit board to be relatively easily and 
desirably aligned with other layers and/or with the 

15 circuit board before they are respectively attached to 
these other layers and/or to the circuit board. 

According to a first aspect of the present 
invention, a method for making an electric circuit board 
is provided. The method includes the steps of providing a 

20 member having a central layer of a first material which 
is operatively positioned between first and second layers 
of a second material; placing a layer of a third material 
upon certain portions of the first layer, thereby 
exposing at least one portion of the first layer; placing 

25 a plurality of layers of the second material on top of 
the layer of the third material, effective to form a 
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multi- layer electrical circuit board having an aperture 
which extends through the formed electrical circuit board 
and which terminates upon the exposed at least one 
portion of the top layer. 

According to a second aspect of the present 
invention a multi -layer circuit board is provided. The 
method includes the steps of providing a member having a 
central layer of a first material which is operatively 
positioned between top and bottom layers of a second 
material; removing a portion of the first and the second 
layers, thereby exposing portions of the central layer of 
the first material; providing a first layer of a 
dielectric material and placing the provided first layer 
of the dielectric material onto certain portions of the 
top layer, thereby overlaying the exposed portions of the 
central layer and creating first and second exposed 
portions of the top layer; providing a third layer of the 
second material and placing the third layer onto the 
first layer of the dielectric material and over the first 
and second exposed portions of the top layer; removing 
those portions of the third layer which overlay the first 
and the second exposed portions of the top layer; 
providing a second layer of the dielectric material and 
placing the second layer of the dielectric material onto 
the third layer after those portions of the third layer 
which overlay the first and second exposed portions of 



the top layer have been removed; providing a fourth 
layer of the second material and placing the fourth layer 
upon the second layer of the dielectric material and over 
the first and second exposed portions of the top layer; 
5 and removing those portions of the fourth layer which 
overlay the first and the second exposed portions of the 
top layer, thereby creating an electrical circuit board 
having a first aperture which extends through the third 
and fourth layers of the second material and through the 

10 first and second layers of the dielectric material while 
terminating within the first layer of the second 
material, and a second aperture which extends through the 
third and fourth layers of the second material and 
through the first and second layers of the dielectric 

15 material while terminating within the first layer of the 
second material . 

According to a third aspect of the present 
invention, a circuit assembly is provided. The circuit 
assembly is made by the process of providing a core 

20 member having a central layer of a first material which 
is operatively contained between a top and a bottom layer 
of electrically conductive material; creating an 
registration slot within the core member; placing 
dielectric material on certain portions of the top layer, 

25 thereby exposing a first and a second portion of the top 
layer, thereby creating a pre-circuit assembly; and using 
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the created registration slot to selectively add layers 
of electrically conductive material to the pre-circuit 
assembly, thereby creating a circuit assembly having a 
first aperture which is formed through the created 

5 circuit assembly and which terminates within the first 
exposed portion and having a second aperture which is 
formed through the created circuit assembly and which 
terminates within the second exposed portion. 

These and other objects, aspects, and advantages of 

10 the present invention will become apparent upon reading 
the following detailed description in combination with 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figures 1 (a) - (k) are successive sectional side views 

of a mult i- layer circuit board being produced and/or 
formed in accordance with the teachings of the preferred 
embodiment of the invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE 

INVENTION 

Referring now to Figures 1 (a) - (k) , there is shown a 
process 10 for making a multi-layer electrical circuit 
board according to the teachings of the preferred 
25 embodiment of the invention. As shown best in Figure 
1(a), process 10 begins with the use and/or acquisition 
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and/or formation of a member 12 having substantially 
identical first and second layers 14, 16 which are formed 
from substantially identical electrically conductive 
material. In one non-limiting embodiment of the 
invention, layers 14, 16 are formed from a commercially 
available electrically conductive metal, such as copper. 
Member 12 further has a central layer 18 which is 
positioned and/or "sandwiched" and/or operatively coupled 
between and to layers 14, 16 and which, in one non- 
limiting embodiment, comprises commercially available 
aluminum. Hence, in one non-limiting embodiment, member 
12 comprises a double-sided copper clad aluminum member. 
In one non- limiting embodiment of the invention, a 
registration slot or aperture 20 is formed within and 
through member 12 and is used to relatively efficiently 
and easily allow successive layers of material to be 
operatively coupled to the member 12 in a desired 
alignment and/or pattern. Particularly, aperture 20 may 
be formed in virtually any desired shape and/or size 
desired by the user of the process 10 and is not limited 
by the exact shape or size shown in Figure 1 (a) . 
Alignment slot 2 0 may be formed by known etching or other 
material removal processes. 

In the second step of process 10, as shown best in 
Figure 1(b), pre-determined portions of the layers 14, 16 
are removed by a conventional pattern etching process. 
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In one non- limiting embodiment, the etching process 
utilizes a commercially available "dry film" and/or a 
screen printed etch resistant material to protect those 
portions of layers 14, 16 which are not to be removed, 
5 thereby allowing the material 14, 16 to be selectively 
notched in the manner shown . The remaining portions 22 
of the layers 14, 16, in one non- limiting embodiment, are 
coated with and/or receive a layer of conventional tin 24 
in order to substantially ensure that these portions 22 

10 will not be further etched, removed, and/or reduced in 
the remaining steps of process 10. This etching/removal 
process causes certain apertures 25 to be created in 
layers 14, 16, thereby exposing certain portions of 
central or core member 18 and producing a pre-circuit 

15 assembly 17. 

In the third step of process 10, as shown best in 
Figure 1(c), a conventional and commercially available 
dielectric material 26 is placed upon certain portions of 
the layer 14 and the core member 18 by the use of 

20 alignment slot 20. Particularly, in this non-limiting 
embodiment, a "pre-punched" or pre- formed "sighting 
window" 29 is created in the dielectric material 26. 
This sighting window 29 may be of virtually any size or 
shape and is relatively easily and visually aligned with 

25 the slotted aperture 20, thereby allowing the dielectric 
material 26 to be desirably and operatively placed upon 



the predetermined portions of layer 14 in a desired 
position and/or location, by the use of a conventional 
printing process such as a screen printing process or a 
dry film printing process. Similarly, in this non- 
limiting embodiment, all other layers of material which 
are operatively added to the circuit assembly, as shown 
in the remaining Figures l(d)-l(k), also include such 
pre- formed sighting windows 29 which allow these 
respective layers of material to be easily and 
operatively aligned with layer 14 and member 12 in the 
manner which is shown and by use of the aperture 20. 

The dielectric material 26 is made to fill apertures 
25, while creating a first and a second apertures 28, 30 
which terminate within and/or upon respectively exposed 
regions or portions of layer 14. As will be seen below, 
these apertures 28, 3 0 are selectively extended and/or 
lengthened and form "blind" or "non- through hole" type 
"vias" or apertures in the produced and/or created 
circuit assembly or board. In one non-limiting 

embodiment of the invention, the dielectric material 26 
is partially cured in order for the material 26 to 
function and/or to serve as an adhesive in the next step 
of the process 10. Thus, the third step of process 10 
causes pre-circuit assembly 27 to be created. 

In the fourth step of process 10, which is shown in 
Figure 1(d), a third layer of electrically conductive 
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material 32 is operatively and adhesively placed (i.e., 
laminated) onto the partially cured dielectric material 
26 and over the apertures 28, 30, thereby creating a 
third pre-circuit assembly 33. In one non-limiting 
5 embodiment, the third layer of electrically conductive 
material 32 is formed from conventional and commercially 
available copper and is substantially identical to the 
first and second layers 14, 16. 

In the fifth step of process 10, which is shown in 

10 Figure 1(e), the portions 34, 36 of layer 32 which 
respectively reside over the previously created apertures 
28, 3 0 are removed by a conventional etching and removal 
process. The remaining portions of the third material 
layer 32 are, in one non- limiting embodiment, coated 

15 and/or receive commercially available tin 3 8 in order to 
substantially prevent these remaining portions from being 
further etched, reduced, and/or removed, thereby creating 
a fourth pre-circuit assembly 35. 

Further, in one non- limiting embodiment, the third 

20 layer of electrically conductive material 32 serves 
and/or functions as an electrical ground plane and 
aperture 37, which is formed in this third layer of 
electrically conductive material 32, communicates with 
the previously formed aperture 3 0 and extends the 

25 aperture 3 0 through the formed pre-circuit assembly. The 
extended aperture 30 is "disconnected" from electrical 
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ground potential (i.e. the surface boundary 9 which forms 
and surrounds the aperture 3 7 and the extended aperture 
3 0 is physically and electrically "disconnected" from the 
remaining portion of material 32) in order to later allow 
for the formation of a "non-grounded via" or "non- 
grounded aperture" in a manner which is delineated below. 

Similarly, aperture 39, which is formed in this 
third layer of electrically conductive material 32, 
communicates with the previously formed aperture 28 and 
extends the aperture 2 8 through the formed pre -circuit 
assembly. The extended aperture 28 is a "grounded via" 
or "grounded aperture" since the material boundary 11 
which forms or surrounds the extended aperture 2 8 remains 
physically and electrically connected to the remaining 
portions of this third layer of material 32. Extended 
apertures 28, 30 are each "blind" or "non-through hole" 
type apertures or openings. In other non-limiting 
embodiments of the invention, portions of material layer 
32 may selectively overlay or "hang over" certain 
predetermined portions of the apertures 28, 30 in order 
to cause the created and extended apertures 28, 3 0 to be 
formed in a certain desired shape or size. As will be 
seen later, extended apertures 28, 3 0 are selectively 
filled with solder paste or some other material. Hence, 
in these non-limiting embodiments, the overhanging 
portions of material layer 32 function as a "lip" or a 
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"diving board" 41 to retain the solder paste or material 
within the extended apertures 28, 30. 

In the sixth step of process 10, as shown best in 
Figure 1(f), a fifth pre-circuit assembly 49 is created. 
Particularly, a second layer of commercially available 
dielectric material 40 is placed onto the remaining 
portions of the third layer of electrically conductive 
material 32 by a conventional printing process, thereby 
further extending the respective length of apertures 28, 
30. The dielectric material 40 may again be partially 
cured in order to operatively and effectively adhere to a 
layer of material which it supportively receives. In the 
seventh step of process 10, as shown best in Figure Kg), 
a fourth layer of electrically conductive material 42 is 
placed onto and operatively secured to (i.e., laminated 
onto) the dielectric material 4 0 and over the extended 
apertures 28, 30. In one non- limiting embodiment of the 
invention, material 42 comprises commercially available 
copper and/or is substantially similar to the first, 
second, and third layers of electrically conductive 
material 14, 16, and 32. Hence, a sixth pre-circuit 
assembly 51 is formed in this seventh process step. 

In the eighth step of process 10, as shown best in 
Figure 1(h), a seventh pre-circuit assembly 59 is formed. 
Particularly, portions of the fourth layer of conductive 
material 42 are removed by a conventional pattern etching 
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and removal process, thereby removing those portions of 
material 42 which overlay extended apertures 28, 30 and 
further extending the length of "blind type" apertures 
28, 30. As before, some of the layer of material 42, such 
as "diving board" portion 43, may extend over these 
recently extended apertures 28, 30 in order to cause the 
apertures 28, 3 0 to be formed in a desired shape and/or 
to substantially ensure that the material which is placed 
within these apertures 37, 3 9 remains securely intact. A 
layer of commercially available tin 44 is, in one non- 
limiting embodiment, attached to the remaining portions 
of material 42 in order to prevent these remaining 
portions from being further etched, removed, and/or 
reduced. 

It should be realized that the additional and 
alternative layers of a dielectric material and an 
electrical conductive material may be operatively 
attached to the pre-circuit assembly 59 in the foregoing 
manner, thereby increasing the density of the assembly 59 
and extending or selectively lengthening "blind type" 
apertures 28, 30 through these additional layers. 
Additionally, it should be apparent that this process 10 
is adapted to allow a circuit board assembly to be 
created having a selected number of electrically 
conductive layers which are each separated by a 
dielectric material. Hence, while the first eight steps 
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of process 10 allow for the creation of two additional 
electrically conductive layers 32, 42 upon member 12, 
additional electrically conductive layers may be 
selectively utilized and created, thereby allowing a 
great variety of dissimilar multi- layer electrical 
circuit boards to be produced by process 10. 

In the ninth step of process 10, as shown best in 
Figure l(i), an eighth pre-circuit assembly 60 is 
created. Specifically, portions of the central layer 18 
are removed by a conventional controlled etching process, 
thereby creating and/or producing electrically conductive 
air-bridges 46 within and/or by the use of material layer 
16. 

In the tenth step of process 10, which is shown best 
in Figure l(j), a ninth pre-circuit assembly 62 is 
created by selectively placing commercially available 
screen print type solder paste 48 within each of the 
created "vias" or apertures 28, 30. Particularly, as best 
shown in Figures l(i) and l(j), "blind" type aperture or 
"via" 2 8 begins at and/or within the first conductive 
layer 14 and extends through the first layer of 
dielectric material 26, the third layer of conductive 
material 32, the second layer of dielectric material 40, 
and the fourth layer of conductive material 42. 
Similarly, "blind type" aperture or "via" 3 0 begins at 
and/or within the first conductive layer 14 and extends 
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through the first layer of dielectric material 26, the 
third layer of conductive material 32, the second layer 
of dielectric material 40 , and the fourth layer of 
conductive material 42. It should be realized that in 
other embodiments of the invention, additional numbers of 
"vias" 28 or 30 may be selectively created and utilized 
in the foregoing manner. In other non- limiting 
embodiments, commercially available copper may be 
electroplated upon the surface boundaries forming and/or 
surrounding each of the apertures or "vias" 28, 30. It 
should also now be realized that, the foregoing etching 
of layer 42 allows the remaining portions 45 of layer 42, 
which are not connected to material 48, to become and/or 
to function as electrically conductive air bridges or 
crossover circuits . 

In the eleventh step of process 10, which is best 
shown in Figure 1 (k) , a multi-layer circuit board or 
assembly 64 is created by applying a conventional acrylic 
solder masking material 54 to various selected portions 
of the created air bridges or crossover circuits 45, 46 
in order to structurally protect the formed air bridges 
or crossover circuits 45, 46 from deformation and 
allowing the formed air bridges or crossover circuits 45, 
4 6 to accommodate relatively heavy wire bonding material 
and relatively heavy components. As should be known to 
those of ordinary skill in the art, material 54 may be 
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applied by a conventional screen printing or photo- 
imaging process. 

It should be realized that the previously delineated 
process 10 allows for the relatively efficient creation 
of a multi- layer circuit board and/or assembly 64 which 
is capable of operatively containing a selected number of 
electrically conductive layers 14, 16, 32, 42 and a 
selected number of "grounded" and "non- grounded" "vias" 
or apertures 28, 30 which are formed without drilling. It 
should be further realized that the foregoing process 10 
substantially eliminates and/or reduces the need for 
costly and time consuming layer alignment procedures and 
the use of additional adhesive material due to the 
partial curing of the dielectric material layers 26, 40. 
It should also be realized that the foregoing process 
produces "blind type" apertures 28, 3 0 which contain 
substantially no aluminum material 18, thereby allowing 
for the relative efficient flow or use of solder material 
48 in these selectively extended apertures 28, 30. 
Moreover, these filled apertures 28, 30 cooperate with 
the various material layers 14, 16, 18, 26, 32, 40, and 
42 to provide an electrically interconnected circuit 
board 64 which may be functionally tested (e.g., solder 
receiving apertures 28, 30 electrically connect the 
various conducting layers 14, 16, 32, and 42) prior to 
receiving electrical components. Further, many diverse 
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types and/or shapes of electrical busses may be formed 
upon and/or within the circuit board 64 . 

It should be understood that the invention is not 
limited to the exact embodiment or construction which has 
been illustrated and described but that various changes 
may be made without departing from the spirit and the 
scope of the invention. 
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